Q uantum-savvy entrepreneurs are already bringing the first quantum computer processors out of the physics laboratory and onto the market. But these devices are mostly designed to perform just one function and cannot be programmed to run different algorithms. It would therefore be advantageous to build a fully fledged quantum computer that could be programmed to run anything we might want. In particular, it might execute the complex quantum algorithms that researchers think will solve today's intractable problems in quantum chemistry, materials science and data security. On page 63, Debnath et al. 1 present a small but fully programmable quantum computer consisting of five quantum bits (qubits), and they demonstrate its functionality by running several simple quantum algorithms.
Debnath and colleagues' computer is based on one of the oldest and most developed quantum architectures, which dates back to a design 2 proposed by physicists Ignacio Cirac and Peter Zoller in 1995. In this design, the computer's qubits are individual atomic ions that are trapped in a line using magnetic fields and manipulated with lasers ( Fig. 1) . The trapped ions behave like a tiny crystal, and precisely controlled vibrations along this line can cause the ions to become 'entangled' . Entanglement is a key ingredient of quantum computing whereby two or more particles share a common state, such that each particle can no longer be described independently. Unlike most other quantum-computer architectures, the operations used to entangle the particles are not restricted only to neighbouring qubits.
Decades of research into precision metrology, such as the development of atomic clocks, now allow the quantum electronic states of trapped ions to be manipulated at an exquisite level of control and stability. Debnath and collaborators took advantage of this work and have also made several improvements to Cirac and Zoller's design, including the ability to target each ion (in this case, five ytterbium ions) individually with optical lasers. The net result is an elementary quantum processor in which every basic operation -initializing the states of the qubits, transforming them, entangling any pair of ions, and reading out the ions' quantum state -can be performed with errors occurring less than 2% of the time.
The accuracy of the authors' quantum processor allowed them to develop preset quantum logic gates that enact a desired sequence of laser pulses to generate an elementary component of a quantum circuit. In addition, they built a compiler that can take a quantum program -an algorithm designed to exploit some aspect of quantum mechanics to solve a mathematical problem -and determine how to operate the hardware to run the program.
The problems that can be solved by a small computer with only five qubits are limitedthey could be solved faster with even the most sluggish conventional laptop. But nonetheless, running simple algorithms can yield valuable information about the performance of the quantum processor as a whole, even when the outcome of the algorithm is already known. Why? A key concern for quantum architects is that qubits may seem to operate well when viewed individually, but can fail in unknown ways when required to work in tandem with many other qubits as part of a complex system. Simple algorithms are therefore used as a benchmark to see how several qubits function when combined in a larger circuit.
Debnath et al. demonstrate several algorithms. These include the Deutsch-Jozsa 3 and Bernstein-Vazirani 4 algorithms, which both use quantum effects to perform a mathematical calculation in a single step, whereas a conventional computer would require several operations. They also demonstrate a quantum Fourier transform 5, 6 , which is a key component of many of the heftier quantum algorithms, such as those used to break encryption. In all of these demonstrations, the resulting error rate is consistent with the authors' observations of how their qubits work in isolation, showing that the qubits can be used together in moresophisticated algorithms in the future.
There is still a long way to go before quantum computers can reach their full potential. For the trapped-ion architecture explored here, researchers have already hit the limit of the number of ions that can be placed in a line in a single trap -around a dozen 7 . The future of this field is believed to involve either joining many such traps together using optical quantum couplers, or shuttling ions between interaction zones in microfabricated traps that have a 2D layout 8 . The latter approach also offers the tantalizing possibility of low error rates for basic logic operations, perhaps even just one error in every thousand operations -a figure commonly thought to be the highest error rate that a large-scale quantum computer could tolerate. Research in these directions has been encouraging, but it may be a while before these scalable approaches can reproduce even the five-qubit results demonstrated by Debnath and colleagues' quantum computer.
Trapped-ion quantum architectures are not the only game in town. A range of other solidstate, atomic and optical quantum systems each have different advantages for quantum computing. Notably, an approach using qubits built of superconducting circuitry -considered the dark horse of quantum computing research only a decade ago -has shown enormous recent success 9, 10 . Not only can superconducting technologies now compete with the phenomenal precision that has been shown with trapped ions, but they can also operate at much higher speeds and may have a clearer pathway to being scaled up.
A programmable five-qubit quantum . The computer's quantum bits (qubits) are individual atomic ions that are trapped in a line using magnetic fields and electrodes. The ions are carefully manipulated by lasers so as to vibrate. The vibration of two ions allows them to become 'entangled' , enabling quantum computations to be performed.
ATOMIC PHYSICS

A milestone in quantum computing
Quantum computers require many quantum bits to perform complex calculations, but devices with more than a few bits are difficult to program. A device based on five atomic quantum bits shows a way forward. See Letter p.63
L A U R A C O R N E L I S S E N & C H A R L E S B E R D E
M illions of children have surgery under general anaesthesia each year. Studies of infant animals show that neurodegeneration and long-term neurobehavioural impairments arise when general anaesthesia is used at crucial periods of brain development, especially following high doses and prolonged exposures to anaesthetics 1 . Studies in humans have been controversialsome have reinforced these findings, particularly among infants who have had multiple anaesthetics and surgeries 2 , whereas a casecontrol study 3 and an interim analysis 4 of a recent randomized trial have been more reassuring. Writing in Science Translational Medicine, Huang et al. 5 report that a drug called CX546 confers neuro protection in infant mice that are repeatedly exposed to the anaesthetic molecule ketamine. Ketamine is thought to act predominantly by blocking signalling through NMDA receptor proteins 6 , which are activated by the excitatory neurotransmitter molecule glutamate. The authors examined the effects of ketamine anaesthesia on neuronal activity in the brains of infant mice. In vivo imaging experiments revealed that neuronal activity decreased during post-anaesthesia recovery in treated animals compared to untreated animals. Analysis of proteins at the synaptic junctions between neurons showed that, after repeated anaesthesia, expression of NMDA receptors was reduced in adulthood, as was expression of another class of glutamate receptor proteins, AMPA receptors.
CX546 is part of a group of cognitionenhancing drugs called AMPAkines that assist excitatory neurotransmission through AMPA receptors. Huang and colleagues found that CX546 prevented ketamine-induced death of brain neurons in infant mice, restored the expression of AMPA and NMDA receptors, and preserved neuronal activity in vulnerable brain regions. Moreover, the drug improved neuro behavioural outcomes, for example by rescuing the learning deficits that are associated with repeated ketamine anaesthesia (Fig. 1) . Finally, the authors showed that CX546 partially rescued the remodelling of dendritic spines -tiny neuronal structures whose formation and elimination are crucial for processes such as learning. These structures cannot be correctly remodelled following repeated ketamine anaesthesia 7, 8 . Glutamate is the most prominent excitatory neurotransmitter in the central nervous system, and plays a crucial part in the processes of neural-circuit strengthening (through sustained activity) and elimination (through weak activity). CX546 enhances glutamate-mediated neurotransmission and strengthens circuits by increasing neuronal activity. This is probably how the drug provides neuro protection when it is given immediately after the periods of low neuronal activity that follow repeated ketamine anaesthesia.
Several AMPAkines are already in clinical trials in adults as treatments for a range of conditions, including Parkinson's disease, schizophrenia and autism 9 . Huang et al. speculate that CX546 might hold promise as a therapy to prevent neuronal defects in human infants undergoing surgery and anaesthesia.
Widely varying recommendations and mitigation strategies have been proposed in response to the debate around anaestheticinduced neurotoxicity in human infants 10 . In 2012, a public-private collaboration between the US Food and Drug Administration and the International Anesthesia Research Society, called SmartTots, recommended delaying elective surgery that uses general anaesthesia until patients are at least three years old whenever possible 11 . Subsequently, these authorities amended their recommendations to advocate balancing the risks and benefits to guide individual treatment decisions 12 .
For many types of paediatric surgery, such computer built using superconducting circuits has now also been demonstrated 11 , and has similar capabilities to Debnath and colleagues' device. Both the superconductingcircuit and ion-trap approaches seem to be capable of being scaled up to larger devices that have more quantum bits. 
Protection for anaesthetized mice
A cognition-enhancing drug called CX546 prevents the neurodegenerative effects of repeated anaesthesia in infant mice by promoting neuronal changes associated with learning and by protecting neurons from death. Figure 1 | Combating ketamine. a, In infant mice, repeated exposure to anaesthesia using the molecule ketamine inhibits neuronal signalling mediated by AMPA and NMDA receptor proteins, and prevents remodelling of tiny neuronal structures called dendritic spines (dashed line indicates a spine whose remodelling was prevented). This causes neuronal death and weakening of neural circuits, leading to defects in learning and motor performance. b, Huang et al. 5 report that a drug called CX546, which increases AMPA and NMDA expression and so promotes excitatory neurotransmission, can rescue these defects, preserving normal neurodevelopment.
